Abstract A 24 year old man presented with an unusual primary combined immune deficiency syndrome characterised by a profound lymphopenia of CD4 cells, selective serum IgG2 subclass deficiency, poor polysaccharide antibody responses, disseminated warts, recurrent sinopulmonary infection and bronchiectasis. The developed progressive multifocal leucoencephalopathy (PML) in association with sclerosing cholangitis.
Progressive multifocal leucoencephalopathy (PML) usually occurs as an opportunistic infection in patients with secondary defects in cellular immunity.
The occurrence of progressive multifocal leucoencephalopathy (PML) as an opportunistic infection in patients with defective cellular immunity secondary to human immunodeficiency virus (HIV) infection, Hodgkin's disease, chronic leukaemia and immunosuppressive treatment is well known. Its association with primary immune deficiency is less well known and reports of its development in primary immune deficiency are exceedingly rare.I Case report A caucasian boy born to unrelated parents in 1966 was first seen at another hospital at the age of 3 years on account of flexural eczema, recurrent tonsillitis, and otitis media. By the age of 5 a hoarse voice led to the detection and removal of vocal cord polyps. Two years later generalised warts were first noted. In 1976 a right middle and lower lobe lobectomy was performed for bronchiectasis. Cystic fibrosis was excluded on the basis of a normal sweat test.
In December 1983 a dermatological opinion was sought for extensive warts which covered his neck, trunk, arms and knees. He was noted to be lymphopenic with a low T helper cell (CD4) count. Human papillomavirus type 3 was detected in a shave biopsy specimen of a wart by DNA hybridisation. He was given etretinate 20 mg daily for one year during which time there was some improvement that was not sustained. HIV serology was negative. In December 1984 Isoprinosine, a T cell stimulant was given (1 g four times a day) with no objective improvement in his warts. Isoprinosine was discontinued in July 1985. The lymphopenia of CD4 positive cells remained unchanged (fig 1) . He was lost to follow up over the next five years until June 1990 when he was transferred to the neurology department at Oxford with a three month history of difficulty in walking, focal seizures, and jaundice of four weeks' duration.
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IgA (normal range 0-8-2-5gAl) The combination of a predominant defect in cellular immunity and hypouricaemia raised the question of purine nucleoside phosphorylase (PNP) deficiency. Detailed metabolic studies of the purine and pyrimidine pathways were undertaken in conjunction with Dr Anne Simmonds, Guy's Hospital, London, which excluded PNP deficiency (table 2) .
A liver biopsy specimen showed focal portal tract fibrosis with a mixed inflammatory cell infiltrate, in the absence of ductular dilatation, highly suggestive of sclerosing cholangitis.
A diagnostic cerebellar biopsy specimen showed very large, bizarre, multinucleate astrocytes (confirmed by a positive reaction for glial fibrillary acidic protein and negative reactions for leucocyte common antigen and epithelial markers). Immunofluorescence studies performed at the Virus Reference Laboratory, Colindale, showed the presence of polyoma JC virus. DNA hybridisation using probes for human papillomavirus (HPV) 1, 2, 3, 4, 5, and 6 were negative. Following the diagnosis of PML active treatment was considered inappropriate and he gradually deteriorated and died a few days later.
A limited post mortem examination confined to the head showed a swollen brain (1505 g; forebrain 1328 g) with some autolysis and obvious softening of the left cerebellar hemisphere. The large vessels looked healthy while the leptomeninges were diffusely thickened. Acute haemorrhage was noted in the softened white matter of the right parietal lobe.
Histologically in all areas of the cerebrum there were multiple small and moderate sized lesions containing numerous enlarged oligodendrocyte nuclei with basophilic inclusion bodies typical of PML. Some lesions contained or were surrounded by enlarged nuclei as in the very little inflammati( areas except for increas microglia. In situ DN. virus showed clear evid4 acid in many oligodend ity of the bizarre astroc Discussion The combination of a immune deficiency, int a low serum uric ac neurological syndrome deficiency.3 PNP is an ii purine salvage pathwa leads to the accumulati as inosine, deoxyinosin xyguanosine which are virus infection, and recurrent sino-pulmonary infection on a background of pronounced T cell lymphopenia, diminished lymphocyte proliferation to mitogens, decreased interleukin-2 production by mitogen stimulated lymphocytes and poor polysaccharide antibody responses, despite having normal total immunoglobulin concentrations.4 Our patient's immune defect approximates closely to that described by Brooks. It would be interesting to see whether any ofhis patients go on to develop PML in the long term.
The recent description of primary combined immunodeficiency disorders due to defective expression of the T cell receptor complex (Ti-CD3) or impaired signal transduction in the presence of a normal Ti-CD3 complex has led to renewed interest in primary deficiencies of cellular immunity.5 Patients with the severe form of T cell receptor immunodeficiency present as severe combined immunodeficiency (SCID), but patients with the mild form may ilated J'C virus specific remain asymptomatic or manifest a moderate that contain virus (weak combined immunodeficiency.5
Although our patient's lymphocytes expressed normal amounts of CD3 on their cell surface, the possibility of defective signal astrocytes with bizarre transduction cannot be ruled out because T cerebellum. There was cell functional studies were not carried out. To on surrounding these characterise these patients more completely it ;ed numbers of reactive would be important to quantitate expression of A hybridisation for JC the Ti-CD3 complex in addition to carrying ence ofJC virus nucleic out functional studies-delayed type hyperLrocytes and in a minor-sensitivity skin tests, lymphocyte transforma-:ytes (fig 2) . tion. Despite clear evidence of impaired humoral immunity (low IgG2, poor polysaccharide antibody responses, bronchiectasis) in our predominant cellular patient it was felt that immunoglobulin ractable viral infection, replacement at this late stage would have been -id and a progressive unlikely to influence the outcome. The benefits were suggestive of PNP of immunoglobulin replacement in improving mportant enzyme in the lung function have been proved in other y, deficiency of which antibody deficient patients. In contrast, immuion of metabolites such noglobulin replacement is unlikely to have ie, guanosine and deo-prevented or changed the clinical course of toxic to lymphocvtes PML. Glioma formation in immunosuppressed subjects with JC virus infection has been described. 8 Although the bizarre, large, multinucleated astrocytes which were present in the biopsy specimens from our patient closely resemble those described in the case reported by Castaigne et al, we are not convinced that these cells were part of a truly neoplastic lesion in our case. There was a cyst present in one affected cerebellar hemisphere but no obvious tumour mass was detectable at surgery or necropsy. We therefore regard the bizarre astrocytes, a few of which clearly contained JC virus nucleic acid, as falling at the extreme end of the well recognised spectrum of pleomorphic astrocytic change seen in PML.
The cause of our patient's sclerosing cholangitis was unclear. Sclerosing and ascending bacterial cholangitis have been associated with campylobacter and cryptosporidial infection in patients with primary immune deficiencies.9 It has been suggestd that bacterial overgrowth in the upper small intestine may be an important predisposing factor in these cases. Interestingly, primary sclerosing cholangitis in immunocompetent subjects has recently been associated with significantly increased titres of serum antibodies to JC and or BK viruses.'°T his raises the possibility that reactivation of polyoma virus may have been responsible for both PML and sclerosing cholangitis in our patient. 
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Case report A 28 year old man in relapse of acute leukaemia after autologous bone marrow transplantation a year previously was admitted to hospital with a 10 day history of fever, followed by diarrhoea, epigastric pain, earache, and a white cell count of 7 x 108/l. A chest x-ray picture was unhelpful. Laboratory examinations showed antibodies to hepatitis viruses A and B. The patient was initially treated with imipenem, and thereafter with teicoplanin and ceftazidime. After a positive blood culture for Candida pseudotropicalis vancomycin and amphotericin were added. He developed a scantily productive cough. Ceftazidime was replaced with piperacillin. A chest x-ray picture four days later showed the presence of confluent densities in the middle right and lower lobes and the left parahilar area. Antibiotic treatment was changed to imipenem and cotrimoxazole. Dyspnoea and peripheral cyanosis appeared the following day, and the The new Symmers volume on haematopathology is a brave attempt to encompass all you need to know about the subject in a little short of 1000 pages. The stage is set with a short introductory essay on basic immunology and this is followed by what is essentially a comprehensive textbook on the thymus. Three chapters are devoted to the normal lymph node and non-neoplastic lymphadenopathies and are followed by a chapter on the spleen which, curiously, hardly addresses lymphoma. The following chapter of some 350 pages, while entitled "neoplastic disorders of lymphoreticular tissue," deals essentially with lymph node neoplasms with only the occasional mention of extranodal lymphomas. A section on immunohistochemistry rounds off the haematopathology, but is followed by a quite irrelevant chapter on lymphatics which surely belongs elsewhere.
There is much to be commended in this book. With few exceptions, including the extranodal lymphomas referred to above, its coverage is encylopaedic, it is comprehensively illustrated, and the index is unusually good. It is appropriately easy to use and, consequently, will be a useful bench book. The chapter on the thymus is especially valuable because there is no other comparable text on this subject. It is a pity, however, that the Muller-Hermelink classification of thymomas, although praised, is not used.
However, this book cannot be recommended to those seeking enlightenment about this difficult and sometimes controversial branch of pathology. The two short chapters at the beginning and end of the book, on basic immunology and immunohistochemistry, respectively, comprise the only gestures to "science". Molecular genetics, which has contributed so much to recent advances in our 
